Objective: To evaluate the impact of multitargeted tyrosine kinase inhibitors (TKI) considering 1 st and 2 nd line treatment for a full period of 3 years in the eligible patients of Veneto Region.
INTRODUCTION
Worldwide, kidney cancer is the 13th most common malignancy, with approximately 271000 new cases diagnosed in 2008 [1] . There are significant geographical variations on the incidence of kidney cancer: the highest rates can be seen in Europe, North America, and Australia, while rates in India, Japan, Africa, and China are lower ones. In Italy, from the start of the late 1980's, mortality from kidney cancer has been decreasing in both sexes (from 4.2 to 3.8/100,000 in men and from 1.6/100,000 to 1.4 in women between the early 1990's and the early 2000's) [2] . Kidney cancer, whose definition includes also cancers of the renal pelvis, ureter, and urethra, represented 3.2% of all the cancer diagnoses among males and 2.1% among females from 1998 till 2002 [3, 4] of which about 85% were from parenchymal or renal cell cancer (RCC). In the Italian report of 2010 on tumors prevalence, kidney cancer was the 8th most common cancer, with 84413 people living with cancer, of which 8397 were estimated to live in Veneto. In a ranking of cancer prevalence, kidney and urinary tract cancers rank sixth place in males and tenth in females [3] . The most reliable estimate of incident kidney cancer cases in Italy in the period 2007-2012 is expected to range between 7000 and 9000, of whom between 6000 and 8000 are RCC cases [5] . RCC accounts for approximately 90% of all renal malignancies and for about 3% of all human malignancies [6] . Regardless the advances in diagnosis, almost 30% of all patients are diagnosed with metastatic disease [7] . Management of metastatic RCC (mRCC) has improved in the last ten years due to a better understanding of the molecular pathogenesis of RCC and the development of targeted therapies. Before the introduction of molecular targeted therapies in 2005, fewer than 10% of patients with mRCC survived beyond 5 years and response rates ranged from 10 to 35% [8] . Six targeted agents have been approved to treat advanced RCC since 2005. Sorafenib, sunitinib, pazopanib and bevacizumab target the Vascular Endothelial Growth Factor (VEGF) pathway, and temsirolimus and everolimus inhibit the mammalian target of rapamycin (mTOR) pathway. For patients with previously untreated RCC, sunitinib is the reference standard, while sorafenib is recommended for second line therapy, after cytokine's prior therapy [9] . Like other molecular targeted therapies, sunitinib and sorafenib fall into the category of high-costs drugs, whose costs are totally covered in Italy by public hospitals budget.
This paper aims at assessing the public impact of the use of sunitinib and sorafenib in first and second line treatment in patients with mRCC afferents to public hospitals of Veneto region in Italy.
MATERIALS AND METHODS

Targeted Therapy
Sunitinib malate, here mentioned simply as sunitinib, is a small-molecule inhibitor of tyrosine kinases receptor (TKR) involved in tumor proliferation and angiogenesis, which is used as first line treatment in mRCC [10] . Two of the most important receptors are platelet-derived growth factor receptor (PDGFR) and vascular endothelial growth factor receptor (VEGFR). Sunitinib acts by inhibiting phosphorylation of multiple specific intracellular tyrosine kinase receptors [11] . The recommended dose of sunitinib is one 50mg/daily dose orally taken for four consecutive weeks with a two week rest period i.e. a complete treatment cycle of six weeks [12] .
Sorafenib tosylate, here referred to as sorafenib, is an orally administered bi-aryl urea that inhibits various tyrosine kinase receptors including VEGFR and PDGFR [13] . Sorafenib may also inhibit Raf-1 [14] , a member of the mitogen-activated protein kinase (MAPK) intracellular signal transduction pathway, used in individuals who are not suitable for treatment with IFN and as second line therapy in those, treatment with cytokine based immunotherapy has failed. The recommended dose of sorafenib is 400 mg twice daily, taken either one hour before or two hours after food [15] .
Specific data on drugs characteristics and administration are reported in Table 1 . 
Setting
Veneto is an Italian region with a population of 4.8 million and is situated in Northeast Italy. It has a population of 4 937 854 (year 2010) [16] and the incidence of new cases of renal cell carcinoma in Veneto is more than 2000 cases per year [17] .
Target Population
The determination of the target population for sunitinib is obtained by taking into account the annual incidence of mRCC, considering metastatic cases at diagnosis and yearly probabilities of progression from non-metastatic cases to metastatic cases. Target population of sorafenib administration is calculated considering the yearly probabilities to be IFN or IL2 therapies refractory, therefore undergoing to a second line therapy. All data were obtained from published literature, institutional-derived data from the pharmacological database of IOV (Istituto Oncologico Veneto) [17] and Sistar (Veneto Region Statistical System) [16] . Data were divided into three categories, patients undergoing sunitinib treatment (sunitinib +), patients not receiving sunitinib treatment (sunitinib -), patients receiving sorafenib as second line therapy (sorafenib +). All data are presented in Tables 2-4 .
Eligible to receive sunitinib were considered all patients stable at the time of administration. Patients that were undergoing a transition from the stable condition to a progressive state over the fixed time interval of 6 months were identified as targets for 2nd and 3rd line therapy. Prevalence of each Markov's state was evaluated at month 6, 12, 18, 24, 30 and 36.
Markov Decision Model
A Markov state decision model was selected to evaluate the cost impact of sunitinib and sorafenib use for a lapse of time of three years in Veneto public hospitals considering transition probabilities from three different states, and by comparing the expected deaths and the monthly survival rates in treatment and no-treatment groups (Fig. 1) . This indicator has already been proven to be valid tool to for costs considerations [18] . The transition probabilities for clinical variables are shown in Tables 2 and 3 . Markov Model consists of 3 different states: "Stable disease", "Progressive disease", and "Dead". Patients start in the state "Stable disease" where they receive treatment. Patients could then respond to the therapy and remain in the "stable state" or move to a different state when the therapy failed "Progressive disease" or to the state "Dead". Patients in the "Progressive State" who were responding to the therapy, could remain in the same state, or instead switch to the "Death state". Death due to colorectal cancer is only possible for patients in the state "Progressive disease", otherwise the transition to "Dead" is due to other causes. The reference population mimics the distribution of the Veneto population, assuming a median drug dosage for a person of 60 kilograms.
The Markov model structure followed a conventional design in which patients were followed from first-line treatment until death, in 6-week cycles. Patients were assumed to receive active treatment until an assessment of tumor progression was confirmed. Transition probabilities (reflecting the 6-month cycle length) for sorafenib and sunitinib and for people receiving only chemotherapy were derived from major published studies [19] [20] [21] [22] [23] [24] , necessary for the drug approval of Food and Drug Administration (FDA) and European Medicines Agency (EMA), and institutionalderived data from IOV [17] . Monthly transition probabilities were determined from first year clinical probabilities, using the following formula:
where P is the probability of the event, e is the natural logarithm, r is the rate, and t is the time interval [25] . A time period of three years was considered adequate to assess the economic impact of sunitinib and sorafenib. The costs were related to the cost of drug for a full cycle treatment of 6 months. Three scenarios were simulated in order to determine the impact on mRCC population. The first one where patients were receiving sunitinib as 1 st line treatment, while in the second one they were receiving other chemotherapy drugs chemotherapeutics. The third model considered patients treated with sorafenib as 2 nd line agent, after receiving a 1 st line treatment of sunitinib. *Defined as the probability to present RCC at a metastatic stage at diagnosis. Probabilities were derived from researched literature. °Defined as the probability to present the renal-cell form among all RCC. Probabilities were derived from researched literature. #Defined as the rate of patient whose treatment showed positive effect on disease regression. ¤Defined as the rate of patients whose treatment showed no effect. ^Probability for the patient to switch from a "Stable State" to clinical "Death" in Markov model. ¥Defined as the rate of patients whose treatment showed no effect and a progression of the disease. §Probability for the patient to switch from "Progressive State" to "Death" in Markov model.
Simulations
A micro-simulation approach has been used as the main setting for the analysis. All quantities described above have been implemented in the stochastic simulation model as expected values of suitable probability functions. More in detail, for discrete random variables (e.g.: number of people incident for RCC), a binomial model has been used (e.g.: sampling from the Veneto population with probability equal Fig. (1) . Markov model*. *Markov state decision model was built considering transition probabilities from three different states, and by comparing the expected deaths and the monthly survival rates in treatment and no-treatment groups. This indicator has already been proven to be valid tool to for costs considerations12. It consists of 3 different states: "Stable disease" (the status of a patient receiving the therapy), "Progressive disease" (the status of a patient whose therapy was ineffective or whose conditions worsened), and "Dead". The Markov model structure followed a conventional design in which patients were followed from first-line treatment until death, in 6-week cycles. Transition probabilities (reflecting the 6-month cycle length) for sorafenib and sunitinib and for people receiving only chemotherapy were derived from major published studies. *Defined as the probability to present RCC at a metastatic stage at diagnosis. Probabilities were derived from researched literature. °Defined as the probability to present the renal-cell form among all RCC. Probabilities were derived from researched literature. #Defined as the rate of patient whose treatment showed positive effect on disease regression. ¤Defined as the rate of patients whose treatment showed no effect. ^Probability for the patient to switch from a "Stable State" to clinical "Death" in Markov model. ¥Defined as the rate of patients whose treatment showed no effect and a progression of the disease. Probability for the patient to switch from a "Progressive state" to clinical "Death" as calculated through Markov model. §Probability for the patient to switch from "Progressive State" to "Death" in Markov model. to the age-specific incidence rate). For continuous random variables (e.g.: weight of patients for drug dosage administration), including costs, a Kumaraswamy distribution, which is a very flexible both symmetric and asymmetric two-parameters distribution, has been used [26] . Thus, 10000 Monte Carlo runs have been performed, deriving the empirical distributions of the target quantities of interest (e.g.: cost of care), for which selected summary measures have been computed (e.g.: mean, 5 th and 95 th percentile, to be used as 90% credibility intervals for inferential purposes). All estimated quantities are reported along with 90% credibility intervals. Software used for simulations was the VOSE Model Risk analyzer [27] .
RESULTS
The impact of multitargeted TKIs was evaluated considering 1 st and 2 nd line treatment in for a full period of 3 years. The impact of sorafenib was considered as added to 1 st line therapy sunitinib in all those patients that underwent a transition from stable condition to progressive condition. All data are reported with a 90% CI. Table 4 show the impact of sunitinib and sorafenib treatment in all eligible patients. From the initial cohort of 357 patients eligible for sunitinib treatment, stable ones (139) were considered in order to evaluate the impact of the multitargeted agent on overall progression of the disease. Results showed that a smaller portion of patients receiving sunitinib transited from a stable to a progressive state, with respect to the patients who were not receiving sunitinib. When considering sorafenib impact, progression within the first 6 months was seen in the 33% of patients, whilst the rates of death transitions were achieved 70% within the first 2 years.
Results in
Costs of treatment are presented in Table 5 . Sunitinib costs are measured as cumulative costs, considering all patients receiving sunitinib as 1 st line treatment in a time frame of three years. The cost of 6 months treatment with sunitinib reached a median value of 2532666 , increasing till 3607807 as cumulative amount at 12 months. Costs after the 1 st year flattened around the same figure (3800000 ) due to the transition towards death or second line treatments. When evaluating sorafenib costs, data were added to 1 st line treatment, in order to outline the full expenses.
DISCUSSION
Systemic treatment of advanced and metastatic RCC using immunotherapy Interferon-alpha (INF-) and Interleuchin-2 (IL-2) was effective only in a minority of patients and was accompanied by substantial toxicity [28] but since December 2005 a series of targeted agents with significantly higher specificity for particular cancer-related pathways, has been approved for the treatment of mRCC, including the two multi-targeted tyrosine kinase inhibitors (TKIs) sunitinib and sorafenib [29] . Based on the molecular pathogenesis of clear cell RCC and excellent preclinical research, the VEGF pathway was exploited as target for drug development. The TKIs sorafenib and sunitinib offered improved outcomes for patients with mRCC [30] . Sunitinib has emerged as the standard of care for treatment-naïve mRCC patients. EMA authorized sorafenib for second-line therapy after cytokine failure, or for first-line therapy in patients unsuitable for cytokines [31] . Moreover sorafenib is a Raff kinase inhibitor that directly suppresses tumor proliferation [32] .
The economic burden of mRCC has not been sufficiently reported in the literature, although estimates can be derived from what has been reported for non-metastatic form of RCC and from kidney cancer in general. Taken the large use that these drugs have rapidly gained, an economical evaluation of their impact needed to be performed, due to the high costs of these TKIs.
Considering the Italian background, the Italian public health system (Servizio Sanitario Nazionale, or SSN) covers all citizens and legal foreign residents. In the SSN, prescription drugs are divided into three groups according to clinical effectiveness and, in part, cost-effectiveness; the SSN covers the first tier in all cases and the second tier only in hospitals, but does not cover the third tier. In 2008 regions were compelled to be financed through standard costs [33] and the 20 Italian regions have responsibility for the organization and delivery of health services, while the central government mostly having the taxes revenue. Hospital pharmaceutical spending has also been under control since the institution of the SSN. In fact regions can set up their own regional hospital formularies based on the national therapeutic formulary, in order to monitor and rationalize drugs consumption. Drugs included in class H are exclusively given in hospital, selected on the basis of certain types of pathologies and side effects in relation to benefits. All the costs of class H drugs are borne from the hospital. Most anti neoplastic agents, as TKIs, are examples of class H drugs.
As shown from our results the costs of the first 6 months therapy with sunitinib have a very high impact on public health expenses in the Regione Veneto. 2 nd line treatment with sorafenib instead increased overall expenses of a reduced proportion, due to the small proportion of patients undergoing this treatment and the relative inferior cost of the drug. Despite overall survival after 3 years of diagnosis appeared to be null, sunitinib treated patients may stay in a stable condition longer than those not that would be treated with a multitargeted agent.
Similar results could be registered also in other nations, being a substantial economic burden to the healthcare systems of nations worldwide. The economic burden is particularly relevant to public payers in the US, as almost 46% of renal cancer patients are covered by Medicare [34] . Recently the UK clinical watchdog has proposed rejecting four drugs, among those sunitinib and sorafenib, for use on the NHS for advanced renal cancer, declaring them clinically effective but not good value for money [35] . As for the Italian costs, the average cost treatment was about 30 600 a year for each patient.
In the case of metastatic cancer, treatment can be recommended even without an improvement in survival, if it improves quality of life [36] . This is especially important for mRCC patients, whose prognosis for long term survival may be poor and where the central goal of treatment is to optimize quality and quantity of life [37] . Several studies have been published on the efficacy of this treatment in Metastatic RCC in Veneto region [17, 19] . Venturini presented Veneto's cases in comparison with other published randomized clinical trials (RCT) [17] . Data regarding outcome showed that 38.1% of patients experienced disease progression or death in the sorafenib trial versus 58% in real life while this proportion was 21% in the sunitinib trial versus 46% in the register. Positive results were found also in Brunello's research held on elderly patients [19] . At a median follow-up of 27.1 months, the median observed survival was 18.3 months and the median PFS was 13.6 months.
From the results of our simulated model on costs borne by the SSN and on the basis of the results of their use on Veneto's patients for the treatment of patients with mRCC, we can conclude that they are effective on the progression of the disease the greatest impact being the cost for the 1 st line pharmacological treatment.
